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The development of rapid desensitizations for the treatment of drug hypersensitivities
is aimed at providing essential medications while protecting patients from IgE and
non-IgE hypersensitivity reactions. Serious adverse drug reactions occur in 6.7% of
hospitalized patients, and adverse drug reactions are the fourth to sixth leading cause
of death in such patients.” Drug-induced type | hypersensitivity reactions, such as
anaphylaxis, result from the release of mediators from IgE-sensitized mast cells and
basophils. Drug-associated anaphylaxis can be triggered by B-lactam antibiotics,
such as penicillin and cephalosporins, chemotherapy drugs, such as platins, thera-
peutic monoclonal antibodies, and others.?~” Cross-linking of IgE by drug antigens
can lead to limited skin reactions (flushing, pruritus, urticaria, angioedema) or multior-
gan system involvement (sneezing, sinus and nasal congestion, cough, shortness of
breath, wheezing, abdominal pain, nausea, vomiting, diarrhea) with hypotension and
cardiovascular collapse during anaphylaxis. Hypersensitivity reactions induced by
drug antigens upon initial exposure, without prior sensitization and with symptoms
similar to IgE-mediated reactions, are called “non-IgE hypersensitivity reactions,”
and can result from direct release of mediators from mast cells and basophils, such
in vancomycin-induced red man syndrome, intravenous contrast dyes, or taxenes.
In these reactions, nontypical symptoms can occur, such as the severe back and
muscle pain seen in patients with taxene and monoclonals reactions.?
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PRINCIPLES AND CELLULAR AND MOLECULAR TARGETS OF DRUG DESENSITIZATION

Desensitization for type | hypersensitivity reactions in penicillin-allergic patients were
first developed 50 years ago.® Successful cases of rapid-progressive penicillin
re-administration led to the concept of temporary clinical tolerization.’®'! The admin-
istration of suboptimal doses of drug antigens, followed by the full therapeutic dose
was safely achieved in highly allergic patients, permitting the treatment of severe
infections. Following the early success with antibiotics, other empiric protocols were
developed to treat hypersensitivity reactions to essential drugs that could not be
substituted in allergic patients, such as aspirin in the control and prevention of cardiac
diseases,® insulin in diabetes,® chemotherapy drugs during cancer recurrence,®'3
and, more recently, chimeric and humanized monoclonal antibodies in chronic inflam-
matory diseases.'* Because rapid desensitizations reintroduce potentially lethal drugs
into highly sensitized patients, the molecular mechanisms need to be elucidated to
improve the efficacy and safety of these procedures. Recent studies of in vitro rapid
antigen desensitizations implicate mast cells and basophils as cellular targets, as
well as syk,'® a signal transducing molecule, and signal transducer and activator of
transcription 6 (STAT6),'® which is responsible for the transcription of interleukin
(IL)-4 and IL-13.

CLINICAL MANIFESTATIONS
Hypersensitivity Reactions Type I, Mast Cell/lgE Dependent

Drug-induced hypersensitivity reactions type | result from the release of mediators
from IgE-sensitized mast cells or basophils and can affect all organ systems, leading
to anaphylaxis and death. Drug antigens can sensitize patients after multiple courses,
and repeated exposures are needed for the development of specific IgE."” Sensitizing
drugs can act as complete antigens, such as insulin, or haptens, which are coupled to
a carrier protein, such as penicillin.’® Among chemotherapy drugs, platins, such as
carboplatin, cisplatin, and oxaliplatin can induce IgE formation' by a mechanism
similar to that of metal workers exposed to low molecular-weight platinum salts by
inhalation and skin contact.2° Symptoms are induced by a platinum salt’s cross-link-
ing of specific IgE bound to high-affinity IgE receptors, FceRI (on mast cells or baso-
phils), with the release of membrane and granule mediators. These mediators include
vasoactive amines, such as histamine, proteases such as tryptase, and proinflamma-
tory and vasoactive prostaglandins and leukotrienes.?

Cross-linking of IgE by drug antigens can lead to limited skin reactions (flushing,
pruritus, urticaria, angioedema) or multiorgan system involvement (sneezing, sinus
and nasal congestion, cough, shortness of breath, wheezing, abdominal pain, nausea,
vomiting, diarrhea), with decreased blood pressure and cardiovascular collapse
during anaphylaxis. Reactions can occur within minutes of exposure and minimal
amounts of the drug can induce severe reactions in highly sensitized individuals,
such as laryngeal edema with asphyxiation. Disseminated intravascular coagulation
and seizure-like acitivity are rare complications of anaphylaxis.??> Retrospectively,
finding an elevated tryptase in serum?® and histamine in urine®* can confirm the
diagnosis.

The diagnosis of type | hypersensitivity reactions to drugs relies on the demonstra-
tion of in vivo or in vitro drug-specific IgE. Skin testing to drug antigens, such as peni-
cillin, has a very high negative-predictive value. Only 1.8% to 3% of patients with
a negative skin test present mild skin-limited reactions upon drug re-exposure.?®
Using different reagents, recent European data indicate a lower predictive value
(see article by authors elsewhere in this issue). In a population of 126 patients who
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received over six courses of carboplatin for recurrent ovarian cancer and were skin
tested before each course, only 10 patients with negative skin test presented a hyper-
sensitivity reaction, indicating that the rate of false-negative skin test is as low as
1.5%."3 In the same population, 7 out of 41 patients with positive skin test were given
carboplatin and all presented anaphylaxis. Eighty percent to 90% of patients reactive
to present carboplatin have a positive skin test, indicating that the likelihood of
a severe hypersensitivity reaction is very high in skin test-positive patients, and that
rechallenging those patients is not indicated.

Hypersensitibity Reactions—Non-IgE Mediated

Hypersensitivity reactions induced by drug antigens upon initial exposure, without
prior sensitization and with a similar clinical presentation and symptoms as IgE-medi-
ated reactions are mostly considered non-IgE hypersensitivity reactions. Rarely,
sensitization to a cross-reactive compound may occur (see article by authors else-
where in this issue). They can result from the release of mediators from mast cells
or basophils, without known IgE mechanism, and with a negative skin test.?%27 Van-
comycin-induced red man syndrome is caused by the direct release of histamine
from mast cells and basophils.?® Among chemotherapy drugs, taxenes can induce
severe hypersensitivity symptoms, with cardiovascular collapse within few minutes
of first exposure in patients who present a negative skin test. Mechanisms implicated
in those reactions include the activation of complement by the diluent Cremophor?® or
the direct release of mediators. Reactions to aspirin and nonsteroidal anti-inflamma-
tory medications include the inhibition of cyclooxygenase-1, decrease in bronchodi-
lator prostaglandins E, and increased generation of inflammatory leukotrienes, as
well as the release of tryptase from mast cell upon aspirin exposure in sensitive
patients.30-32

CELLULAR AND MOLECULAR TARGETS

Although all clinical desensitization protocols are empiric and based on error and trial
clinical experiences, in vitro desensitization of mast cells and basophils has provided
some understanding of the mechanisms underlying successful in vivo desensitiza-
tions. Suboptimal doses of antigen, as low as one-tenth the optimal dose administered
before an optimal dose, render mast cells and basophils unresponsive to antigens but
not to other activating stimuli.®® Suboptimal doses can induce unresponsiveness
through excessive monomeric antigens, incapable of cross-linking surface FceRlI
receptors or through the rapid internalization of antigen cross-linked receptors
depleting the cell surface.3* Basophils can be desensitized in vitro to penicillin, but
basophils isolated from a patient desensitized to penicillin were activated in vitro by
penicillin antigens,®® indicating that the presence of antigens at all times is critical to
maintaining the desensitization state. In vitro rapid desensitization of human mast cells
induces the decreased levels of signal-transducing molecules, such as syk, because
of ubiquitinilation and degradation.®®-3” Naturally occurring syk-deficient basophils are
unresponsive to drug antigens, indicating that syk is critical for activation and for
desensitization.'® In recent studies STAT6, which is responsible for the transcription
of IL-4 and IL-13, has been involved in rapid desensitizations. STAT-6-deficient
mast cells are capable of releasing mediators during the early phase of IgE cell acti-
vation but cannot release late cytokines, such as tumor necrosis factor (TNF)-o. and
IL-6, and cannot be desensitized to antigens.'®-38
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DESENSITIZATION TO ANTIBIOTICS

All antibiotics can induce IgE and non-IgE hypersensitivity reactions amendable to
rapid desensitization, and the most common are B-lactams, including cephalosporins,
vancomycin, and quinolones.

Penicillin and Cephalosporins

Patients allergic to penicillin are at risk when exposed to cephalosporins. Cross-reac-
tivity between cephalosporins and penicillins is found in 4% to 11% of patients
because of the related core B-lactam ring structure, mostly with first and second
generation.®® Specific cephalosporin IgE antibodies can be directed toward side-
chain determinants that are not shared with B-lactam rings containing drugs,*° posing
less of arisk for penicillin-allergic patients. Other antibiotics containing B-lactam rings,
such as monobactams (aztreonam), have no significant cross-reactivity with penicil-
lins, and recently imipenem was shown to be tolerated by penicillin- and B-lactam-
allergic patients.*’ Only immediate type | reactions to penicillin and B-lactams are
amendable to rapid desensitization. Other reactions, such as maculopapular rashes,
erythema multiforme, Stevens-Johnson syndrome, toxic epidermal necrolysis, bullous
erythema, erythroderma, serum sickness, hemolytic anemia, neutropenia, thrombocy-
topenia, and acute interstitial nephropathy are not amendable to rapid desensitiza-
tions because outcomes are not available after drug re-exposure in these patients.

All patients with a history of IgE-mediated hypersensitivity and a positive skin test
to either the minor or major penicillin determinants should avoid all B-lactam ring-
containing medications, including penicillin, amoxicillin, ampicillin, and cephalospo-
rins. Aztreonam and imipenem can be used as indicated by the infectious agents. If
penicillin or cephalosporin treatment is mandated by the severity and nature of the
infection, rapid desensitization is indicated.

Rapid Desensitization to B-Lactam antibiotics Including Penicillin
and Cephalosporins

The first series of rapid penicillin desensitizations included escalating oral doses to
treat 15 pregnant syphilis-infected women.'® An intravenous protocol was later devel-
oped to treat 15 severely infected patients, which included 10-fold incremental
doses'" and induced 30% of nonlife-threatening side effects, including serum sick-
ness. Since then, multiple case reports have been published with no series available
to validate the efficacy and safety of the different protocols.

Up to 30% of cystic fibrosis patients develop hypersensitivity reactions after
multiple exposures to B-lactams, which require rapid desensitizations.*?*® A recent
study indicated that 57 antibiotic desensitizations were done safely in 21 patients,
90% with cystic fibrosis. Most of the antibiotics were B-lactams and the success
rate was 75%. Desensitization failures related to non-IgE mediated symptoms.*3

A typical protocol for desensitization to intravenous penicillin and cephalosporins
starts at one-ten-thousands to one-one-hundredth the target dose, and doubling doses
are delivered every 15 to 20 minutes over the course of several hours until reaching the
target dose.** Ceftazidime desensitization was done in seven cystic fibrosis patients to
treat IgE-mediated hypersensitivity reactions,*® with no major systemic reactions during
desensitization. Arecurrent rash occurred in two patients on the seventh and twelfth day
after desensitization, one patient was successfully redesensitized, and one patient dis-
continued treatment. Cefotaxime desensitization was done in a 51-year-old man with
bacterial spondylitis, and the treatment was continued for 4 weeks with no adverse
events.*® A series of eight patients with a positive skin test to penicillin and
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cephalosporins (cefepime, ceftriaxone, and cefazolin) were desensitized to B-lactam
drugs using a 2-hour and 15-minute protocol in which tripling doses were administered
every 15 minutes, without major side effects.*” An imipenem- and penicillin-allergic
patient was desensitized to intravenous imipenem for multiresistant Acinobacter pneu-
moniae and the treatment was continued for 21 days without adverse events.*8

The author and colleagues have used a standardized protocol at the Brigham and
Women’s Hospital in Boston, which includes a three solution, 12-step infusion allow-
ing the patients to receive full therapeutic doses after 5.8 h (Tables 1 and 2). The solu-
tions were made by 10-fold dilutions of the full target concentration (solution 3). Each
solution was administered in four different steps. The rate of each step was increased
every 15 minutes to deliver approximately twice the dose of the previous step. This
model is based on the chemotherapy standard-desensitization protocol.*® The author
and colleagues performed 42 antibiotic successful desensitizations in 2005 and 2006
with this protocol (Table 3).5° Side effects during antibiotic desensitizations were mild
and included flushing, warmth, tingling, pruritus, erythema, rash, and hives. No serious
events occurred, all subjects were treated for their full courses, and no late reactions
were observed. Subjects were maintained on their antibiotics during the course of
their treatments without need for repeated desensitizations.

Other Antibiotics

Vancomycin is an antimicrobial agent that is often used as an alternative treatment for
serious staphylococcal and streptococcal infections in patients with hypersensitivity
reactions to B-lactam antibiotics or whose infection failed to respond to B-lactam anti-
biotics. The incidence of adverse reactions has been reported to be in the range of 5%
to 14% in adults, with the most common manifestation as the red man syndrome
associated to nonspecific histamine release.5' The risk of an adverse reaction to van-
comycin increases with concurrent use of narcotics because of non-IgE-mediated,
direct release of histamine from mast cells.5? Although red man syndrome can be
treated with slow infusions, IgE-mediated hypersensitivity reactions resistant to
slow infusions have been described in which desensitization has been done.®! A series
of seven patients with serious staphylococal infections resistant to -lactams antibi-
otics underwent rapid continuous intravenous infusion with multiple small increases
in vancomycin concentration with a syringe pump similar to the protocol described
in Tables 1 and 2, without major side effects.5?

IgE-mediated hypersensitivity reactions to quinolones have been reported with
cross-reactivity among ciprofloxacin and levaquin. A 35-year-old woman with chronic
granulomatous disease and Burholderia cepacia infection was desensitized to intrave-
nous ciprofloxacin with no side effects, and the treatment was continued for 4 weeks
uneventfully.5®

Table 1
Rapid intravenous desensitization to 1g of ceftazidime in a cystic fibrosis patient

Total mg to be Injected

Full Dose 1000.0 mg mg/ml in Each Bottle
Solution 1 250 cc 0.040 10.000
Solution 2 250 cc 0.400 100.000

Solution 3 250 cc 3.969 992.130
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Table 2
Steps for protocol shown in Table 1

Administered Cumulative
Step Solution Rate (cc/h) Time (min) Dose (mg) Dose (mg)
1 1 2 15 0.0200 0.0200
2 1 5 15 0.0500 0.0700
3 1 10 15 0.1000 0.1700
4 1 20 15 0.2000 0.3700
5 2 5 15 0.5000 0.8700
6 2 10 15 1.0000 1.8700
7 2 20 15 2.0000 3.8700
8 2 40 15 4.0000 7.8700
9 3 10 15 9.9213 17.7913
10 3 20 15 19.8426 37.6339
11 3 40 15 39.6852 77.3191
12 3 75 186 922.6809 1000.0000

Total time = 351 minutes

DESENSITIZATION TO ASPIRIN AND NONSTEROIDAL ANTI-INFLAMMATORY DRUGS

Asperin (ASA) and nonsteroidal anti-inflammatory drugs (NSAIDs) include ibuprofen,
indomethacin, sulindac, naproxen, tolmetin, fenoprofen, meclofenamate, ketoralac,
etololac, oxaprozin, diclofenac, ketoprofen, flurbiprofen, piroxicam, nabumatone,
and mefenamic acid, among others. Up to 20% of asthmatic patients develop broad
ASA and NSAID intolerance manifested by upper and lower pulmonary symptoms

Table 3
Antibiotic desensitizations performed at Brigham and Women's Hospital 2005 to 2006 using

the protocol fromTables 1and 2

Antibiotic No. of Desensitizations
Ancef 1

Ceftaxidime

Ceftriaxone

Cefazolin

Ciprofloxacin

Ertapenem

Imipenem

Meropenem
Nafcillin

Penicillin

Piperacillin

Trimethoprim

wl=|wNJw]=lo|=|=|-|b(w

Zosyn
TOTAL

=Y
N

There were no deaths or anaphylactic events during desensitization. Only mild side effects were
observed (ie, pruritus, flushing). All patients completed the desensitization protocol, reached
the target dose, and were able to receive the prescribed antibiotic course.
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(asthma, rhino-conjunctivitis). Nonasthmatic patients can present cutaneous symp-
toms with chronic urticaria and angioedema when exposed to ASA and NSAIDS,
and specific allergic reactions induced by one NSAID or ASA are also described,
including anaphylaxis.?* Desensitization to aspirin is considered in cardiac patients,
asthmatic patients with recurrent polyps, and females with antiphospholipid
syndromes during pregnancy.

Desensitization to ASA and NSAIDs has been performed to provide cardiac protec-
tion and anti-inflammatory treatment in intolerant patients with no alternative medica-
tions. Desensitization was initiated in 1927 by Widal®® with the administration of small
daily doses of ASA to ASA-intolerant asthmatic patients until toleration was achieved
(Table 4). A refractory period was initially observed after a respiratory reaction induced
by indomethacin, and tolerance to ASA was induced after a positive oral aspirin chal-
lenge.%® Although the mechanism of desensitization is unknown, desensitized patients
tolerate ASA and NSAIDs at pharmacologic doses, and prolonged desensitization can
be achieved by daily administration of ASA or NSAIDs.5” Protocols for ASA and NSAID
desensitization are based on the controlled progressive administration of incremental
doses starting at 30 mg of ASA and progressing to 60 mg, 100 mg, 150 mg, 325 mg,
and 650 mg at 90-minute intervals, as described in the recent Practice parameters.8
Respiratory responses are measured by forced expiratory volume in 1 second, and
a decline of 15% is considered a positive challenge. The dose is then repeated until
no reaction occurs and the patient continues until reaching 325 mg or 650 mg.
Cross-desensitization is universal for all NSAIDs once desensitization has been
achieved at therapeutic levels.%® Patients who have severe gastrointestinal intolerance
to ASA and NSAIDs have been challenge with lysil-aspirin, either nasally or bronchi-
ally.®® Desensitization has been less successful for intolerant patients with cutaneous
reactions.®’ Twenty-two patients with urticarial reactions induced by ASA and NSAIDs
were desensitized to ASA and tolerated other NSAIDs after ASA desensitization was
maintained with daily doses of 325 mg. A study of 11 cardiac patients with a history
of acute urticaria/angioedema after ASA and NSAIDs indicated that 9 were able to
be desensitized with a fast protocol using incremental ASA doses at 15 to 30 minute
intervals (Table 5).%2 Similar protocols have been used to desensitized cardiac
patients undergoing stent placements.®3

Long-term ASA Desensitization

Sixty-five ASA-sensitive patients with asthma were desensitized from 1988 to 1994.54
Increasing oral doses of ASA, up to 650 mg, were administered and daily doses

Table 4

Desensitization to aspirin in an asthmatic patient

Time (min) Dose (mg)
0 4

20 40

180 81

240 162

330 325

420 650

Aspirin to be continued at 650 mg by mouth twice daily.

Data from White AA, Stevenson DD, Simon RA. The blocking effect of essential controller medi-
cations during aspirin challenges in patients with aspirin-exacerbated respiratory disease. Ann
Allergy Asthma Immunol 2005;95(4):330-5.
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Table 5

Desensitization to aspirin in a patient with aspirin-related urticaria-angioedema

Time (min) Dose (mg)
0 0.1
20 0.3
40 1
60 3
80 10
100 30
120 40
140 81
160 162

Aspirin to be continued at 162 mg once per day.
Data from Wong JT, Nagy CS, Krinzman SJ, et al. Rapid oral challenge-desensitization for patients
with aspirin-related urticaria-angioedema. J Allergy Clin Immunol 2000;105(5):997-1001.

ranging from 350 mg to 1,950 mg, with a mean of 1,214 mg, were used for 1 to 6 years.
These patients presented a significant reduction in the number of sinus infections and
asthma hospitalizations, an improvement in the sense of smell, and a decrease in
prednisone treatments. A significant reduction in the number of sinus and polyp oper-
ations and the use of nasal corticosteroids was also found. Desensitization and main-
tenance of daily ASA is recommended in patients who have failed medical treatment
and have undergone multiple surgeries for polyps or sinusitis.®® The administration of
leukotriene inhibitors during desensitization helps shift the response to the upper
respiratory tract without blunting the response.®® Four pregnant woman with antiphos-
pholipid syndrome were desensitized orally to aspirin with few side effects and were
maintained several months on aspirin.®”

DESENSITIZATION TO CHEMOTHERAPY AND MONOCLONALS

All chemotherapy agents can cause hypersensitivity reactions®® and those reactions
have limited the used of critical drugs in very sick patients for fear of inducing
a more severe reaction and possibly death.®® The choice of an alternative chemo-
therapy regimen is often limited by tumor sensitivity and, because of the increasing
number of cancer survivors, patients are exposed to multiple courses of the same
or similar chemotherapy agents. Increased exposures lead to sensitization and to
hypersensitivity reactions in an increasing patient population.”® One-third of the
patients exposed to seven or more cycles of carboplatin develop hypersensitivity
reactions, including anaphylaxis, and deaths have been reported with re-exposure
(Fig. 1).772 The need to offer first-line therapy after cancer recurrence and to over-
come hypersensitivity reactions has been at the core of the desensitization research
and clinical developments.”®

Desensitization to Chemotherapy Drugs Including Taxenes and Platins

Protocols for the desensitization of hypersensitivity reactions to chemotherapy drugs
have been used with success,'®”47 but side effects have been prominent and no
outcome measurements have been available. Based on in vitro and in vivo data gener-
ated in the author’s division,'® a standardized three-solution, 12-step protocol was
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Fig. 1. Frequency of symptoms and signs during initial hypersensitivity reactions. (From
Castells MC, Tennant NM, Sloane DE, et al. Hypersensitivity reactions to chemotherapy:

outcomes and safety of rapid desensitization in 413 cases. J Allergy Clin Immunol
2008;122(3):578; with permission.)

generated that allowed for gradual increases in the infusion rate and drug concentration,
infusing the target dose over 5.8 hours, as seenin Tables 6 and 7. Three solutions—A, B,
and C, containing X/100 mg, X/10 mg, and X mg, respectively, diluted in 250 mL of D5
water —were used in sequence of increasing concentrations. The concentration of solu-
tions A, B, and C were (X/100)/250, (X/10)/250, and (X)/250 mg/mL, respectively. Solu-
tion A was used for steps 1 to 4, Solution B for steps 5 to 8, and Solution C for steps 9 to
12. The rate of the infusion was changed every 15 minutes, with each step delivering
approximately twice the dose of the previous step. The final step 12 maintained
a constant rate of infusion to deliver the remainder of the total dose. One-on-one care
(nurse/patient ratio) was provided for each desensitization, and nurses were trained
by the allergy team on how to administer the protocol and how to recognize the symp-
toms of hypersensitivity reactions.

Table 6
Standard desensitization protocol using a total dose of 500 mg as an example

Solution Total Dose in Each
Total Dose 500 mg Concentration Solution (mg)
Solution A 250 mL 0.02 mg/mL 5.0?
Solution B 250 mL 0.20 mg/mL 50.07
Solution C 250 mL 2.00 mg/mL 500.0%

® The sum of the doses in Solutions A, B, and C equals 555 mg. Total dose infused is 500 mg.

Data from Lee CW, Matulonis UA, Castells MC. Carboplatin hypersensitivity: a 6-h 12-step
protocol effective in 35 desensitizations in patients with gynecological malignancies and mast
cell/IgE-mediated reactions. Gynecol Oncol 2004;95(2):370-6.
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Table 7
Steps for protocol used in Table 6
Administered Cumulative Dose
Step Solution Rate (ml/h) Time (min) Dose (mg) Infused (mg)
1 A 2 15 0.010 0.010
2 A 5 15 0.025 0.035
3 A 10 15 0.050 0.085
4 A 20 15 0.100 0.185
5 B 5 15 0.250 0.435
6 B 10 15 0.500 0.935
7 B 20 15 1.000 1.935
8 B 40 15 2.000 3.935
9 C 10 15 5.000 8.935
10 C 20 15 10.000 18.935
11 C 40 15 20.000 38.935
12 C 75 184.4 461.065 500.000
Total time Total dose
=582h infused
= 500 mg

Data from Lee CW, Matulonis UA, Castells MC. Carboplatin hypersensitivity: a 6-h 12-step protocol
effective in 35 desensitizations in patients with gynecological malignancies and mast cell/IgE-medi-
ated reactions. Gynecol Oncol 2004;95(2):370-6.

Once a patient completed a successful course of desensitization, all subsequent
repeated courses of chemotherapy were given in the out-patient facility with a desen-
sitization-trained chemotherapy nurse in one-to-one attendance. The volumes of the
bags were adjusted for time constraints 10100 mL of D5 water.

Rapid Desensitization for Hypersentivity Reactions to Taxenes

Paclitaxel is a widely used antineoplastic agent with activity against ovarian, breast,
and other solid tumors. It was initially isolated from the bark of the Pacific yew tree
(Taxus brevifolia) in the 1970s, and its antimitotic activity is a result of the bundling
of microtubules, which arrests cell division. Docetaxel is a semisynthetic taxane orig-
inally extracted from the needles of the European yew tree (Taxus baccata), whose
antimitotic activity is similar to that of paclitaxel.®®

A high incidence of hypersensitivity reactions (HSRs) were observed with paclitaxel
in early clinical trials, involving flushing, hemodynamic changes, dyspnea, musculo-
skeletal pain, paresthesias, and gastrointestinal symptoms, with fatalities reported.
Symptoms frequently occurred during the first course of therapy, within seconds to
minutes of beginning the infusion, indicating a lack of need for prior sensitization.'3
Slower infusion rates and premedication with H1, H2 antihistamine receptor antago-
nists, and corticosteroids have decreased the incidence of HSRs to less than
10%.8" Despite those interventions, there is a subset of patients with taxene-respon-
sive cancers who present HSRs, in whom rapid desensitization is indicated.&°
Attempts at using docetaxel in patients with paclitaxel HSRs have not proven univer-
sally successful.*® HSRs to taxenes resemble anaphylactic reactions induced by the
acute release of mast cell/basophil mediators, but skin tests have been negative, indi-
cating that the diluent cremophor or the generation of reactive metabolites capable of
activating complement or directly mast cells/basophils may be responsible.?®
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The author used a standard desensitization protocol developed at the Brigham and
Women’s Hospital to desensitize 40 patients who presented a hypersensitivity reac-
tion after the first or second infusion of paclitaxel or docetaxel for a total of 176 desen-
sitizations.”#°-82 The limited infusion times avoids neutropenia. The most prominent
presenting symptoms of hypersensitivity to taxenes included flushing, pruritus, urti-
caria, chest pain, hypotension and hypertension, loss of consciousness, gastrointes-
tinal symptoms, musculoskeletal pain, and dyspnea with O, desaturation. The initial
HSR reactions in those patients were immediate (less than 10 seconds) to a maximum
of 15 minutes, with one patient reporting urticaria during 2 weeks following her initial
HSR. Readministration at a slow infusion rate, after additional antihistamines and
corticosteroids, failed in four patients. One patient, switched to docetaxel, developed
a similar HSR, indicating that the vehicle for paclitaxel, cremophor, was not respon-
sible for the HSR reaction. The solutions and protocols for the desensitization protocol
are described in Tables 6 and 7.

Administration time for all desensitizations ranged from 4 to 8 hours. All 40 patients
were successfully desensitized and had repeated desensitizations, completing their
chemotherapy cycles. Breakthrough reactions occurred in 12% of the desensitiza-
tions and the reactions were less severe than the initial reaction and did not preclude
the completion of any treatment course. We noted that the incidence of allergic
disease (seasonal allergic rhinitis, asthma, allergy to other drugs, venom sensitivity)
was 57%, which far exceeds the 15% to 20% reported for the general population.®
An earlier review of 19 patients with paclitaxel-induced HSRs found a statistically
significant difference in the rate of hymenoptera venom sensitivity, but not other types
of allergy, in patients with HSRs when compared with control patients.84 Patients with
allergic conditions seem to be at higher risk for HSRs to taxanes.

Rapid Desensitization for HSRs to Platins

Carboplatin is an effective and well-tolerated cytotoxic agent used as standard front-
line chemotherapy for ovarian cancer.8® Many patients achieve a clinical complete
remission with the platinum-based regimen but later develop recurrent disease within
3 years of diagnosis. For patients with platinum-sensitive recurrent cancer, disease
relapsing after at least a 6-month disease-free interval, platinum-based chemotherapy
remains the most active regimen. In addition to its clinical effectiveness, carboplatin
has a low incidence of toxicity and limited nausea or vomiting with anti-emetic
therapy.®® Therefore, the ability to administer carboplatin safely as front-line therapy
and in the relapse setting provides a significant clinical benefit to the patient. Patients
treated with multiple courses of carboplatin experience increased incidence of HSRs;
these reactions are uncommon during the initial courses, but the incidence of reac-
tions increases to 27% in patients receiving more than seven cycles of carbopla-
tin.87-88 Thus, most cases of carboplatin HSR are observed during the retreatment
for relapsed disease. Symptoms of HSR vary from cutaneous reactions, such as flush-
ing and urticaria, to life-threatening respiratory and cardiovascular compromise,
including bronchospasm, chest pain, and hypotension, with more than 50% of
patients developing at least moderately severe symptoms (see Fig. 1).

HSRs to carboplatin are thought to be mast cell/IgE mediated because skin tests
performed on the volar surface of the forearm with a drop of a nonirritating concentra-
tion of carboplatin at 1 mg/mL to 10 mg/mL is positive in over 80% of reactive
patients.”"-8 Eliminating carboplatin as a treatment option presents a significant
disadvantage, but death from reintroduction of platinums has been described.®®
Several protocols for reintroduction of carboplatin and other platinums have been
developed.®®®' The author and colleagues treated 54 patient for 162 desensitization
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Table 8
Characteristics of initial hypersensitivity reactions to chemotherapy
Carboplatin Paclitaxel Docetaxel Trastuzumab Doxorubicin Uromitexa
Symptoms 31pts n (%) 22 pts n (%) 1ptn (%) 1ptn (%) 1ptn (%) 1ptn (%)
Cutaneous
Flushing 17 (54.8) 19 (86.4) 1 (100) — 1 (100) —
Pruritus 24 (77.4) 1 (4.5) — 1 (100) 1 (100) —
Urticaria 9 (29) 1(4.5) — 1(100) — 1 (100)
Cardiovascular
Chest pain 8 (25.8) 15 (68.2) 1 (100) — — 1 (100)
Tachy/bradycardia 2/1(9.7) 2/0 (9.1) — — — —
Hyper/ 2/2 (12.9) 5/1 (27.3) — — — —
hypotension
Lightheadedness 4 (12.9) 4 (18.2) — — — —
Loss of 2 (6.5) 4 (18.2) — — — —
consciousness
Pulmonary
Dyspnea 12 (38.7) 10 (45.5) — 1 (100) 1 (100) 1 (100)
Desaturation 5(16.1) 7 (31.8) — — — 1 (100)
Gastrointestinal
Nausea/vomiting 6 (19.4) 1(4.5) — — — —
Abdominal pain 5(16.1) 6 (27.3) — — — —
Oropharynx
Throat tightness 3(9.7) 4 (18.2) — 1 (100) — —
Musculoskeletal
Back pain 1(3.2) 10 (45.5) — — — —

Data from Lee CW, Matulonis UA, Castells MC. Rapid inpatient/outpatient desensitization for chemotherapy hypersensitivity: standard protocol effective in 57

patients for 255 courses. Gynecol Oncol 2005;99(2):393-9.
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Table 9
Characteristics of breakthrough reactions occurring during desensitization
Carboplatin (11 pts) Paclitaxel (6 pts) Trastuzumab (1 pt)
Cutaneous
Flushinig 4 3 1
Pruritus 7 1 1
Urticaria 3 1 1
Cardiovascular
Chest pain 1 2 —
Tachy/bradycardia 20 1/10 —
Hyper/hypotension 2/1 1/1 —
Pulmonary
Dyspnea 3 — —
Desaturation 1 — —
Gastrointestinal
Abdominal pain 1 1 —
Oropharynx
Throat tightness 1 — 1

Data from Lee CW, Matulonis UA, Castells MC. Rapid inpatient/outpatient desensitization for
chemotherapy hypersensitivity: standard protocol effective in 57 patients for 255 courses. Gynecol
Oncol 2005;99(2):393-9.

courses with the standardized desensitization protocol described in Tables 6 and 7,
the same as for taxene desensitizations with three solutions for 6 hours and 12 steps.”
Positive skin test for the initial patient series was positive in 80.8% of 21 initial patients.
Patients received a median of eight courses before developing their initial hypersensi-
tivity reaction. Most patients had reactions during their second-line therapy for recur-
rent cancer. Typically after recurrence of their disease, patients were re-exposed to
carboplatin during the seventh cycle and develop reactions during the eighth cycle.
This observation suggests that a prolonged period of sensitization is required before
the onset of HSR. The reaction profile was consistent with type | HSRs (see Fig. 1) and
included flushing, pruritus, urticaria, nausea, dyspnea, tachycardia, hypertension or

Table 10
Effect of desensitization on skin test reactivity: wheal/flare (mm) response for patient 10
Controls Carboplatin
Diluent 10 mg/mL
Histamine (Prick) (Intradermal) (Intradermal) Wheal Ratio®

Before Positive (5/15) Negative (4/0) Positive (8/15) 1.6

desensitization
After Positive (4/13) Negative (4/0) Negative (4/1) 1

desensitization

® Wheal produced by carboplatin (intradermal) versus wheal produced by histamine (prick).

Data from Lee CW, Matulonis UA, Castells MC. Carboplatin hypersensitivity: a 6-h 12-step
protocol effective in 35 desensitizations in patients with gynecological malignancies and mast
cell/IgE-mediated reactions. Gynecol Oncol 2004;95(2):370-6.
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Mild Reaction: 27%
(111/413)

A

Severe Reaction: 6%
(24/413)

No Reaction: 67%
(278/413)

No. of Reactions
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Step of Desensitization Protocol
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Fig. 2. (A) Number and severity of reactions during desensitization. A mild reaction was
defined as absence of chest pain, changes in blood pressure, dyspnea, oxygen, desaturation,
or throat tightness. A severe reaction included one of these. (B) Desensitization step at
which reactions occurred (total number of reactions = 180). (C) Desensitization course at
which reactions recurred (total number of reactions = 135, of which 111 were mild and
24 were severe). (From Castells MC, Tennant NM, Sloane DE, et al. Hypersensitivity reactions
to chemotherapy: outcomes and safety of rapid desensitization in 413 cases. J Allergy Clin
Immunol 2008;122(3):579; with permission.)
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hypotension, and chest pain. Most patients had their initial HSR during the infusion,
with six patients experiencing symptoms within 15 minutes of infusion, but no delayed
reactions were observed. Cutaneous manifestations were present in 96% of the
patients and extracutaneous symptoms were present in 77 % of the patients, including
hypotension and loss of consciousness (Table 8). In contrast, with patients presenting
reactions to paclitaxel, there was a low incidence of musculoskeletal pain, including
back pain (3% versus 45%, see Table 8). All patients successfully received all planned
courses of carboplatin though the desensitization program. Breakthrough reactions
occurred in 12% of the desensitizations, with mild reactions, none of which resulted
in cardiovascular collapse or death (Table 9). To determine the effect of desensitiza-
tion on cutaneous mast cell reactivity, a skin test was performed before and after
desensitization. The result of the skin test to carboplatin was positive before desensi-
tization but became negative after the infusion (Table 10), demonstrating the inhibition
of cutaneous mast cell reactivity, consistent with other studies (Fig. 2).”

Rapid Desensitization for Biologic Agents and Monoclonal Antibodies

HSRs to humanized monoclonal antibodies are rare but their frequency is increasing
as increased cancer and rheumatologic patients are exposed to multiple courses.
Patients with HSR to rituximab (Rituxan) have been described to trastuzumab (Her-
ceptin), and to anti-TNFo. monoclonal antibodies.®?=°® In patients with reactions
compatible with a hypersensitivity type |, in whom an IgE/mast cell mechanism can
be demonstrated, desensitizations have been reported for humanized monoclonal
antibodies.®® The author and colleagues used the protocol described in Tables 11
and 12 to desensitize patients to rituximab and trastazumab.”® The initial reaction
was severe in both cases and included anaphylaxis. An IgE mechanism was demon-
strated by positive skin test to nonirritant concentrations of the drugs. Breakthrough
symptoms were less severe than the initial reaction and allowed the patients to
complete their courses. Patients received their first desensitization in the intensive
care setting and for repeated desensitizations were transitioned to the out-patient
clinics with one-on-one nurse support. One patient desensitized to trastazumab pre-
sented side effects during the first two initial desensitizations and was later transi-
tioned to the out-patient setting, where she underwent eight more courses without
side effects, with a modified protocol.

Outcomes of Desensitizations and Cancer Progression

The author and colleagues did a safety study in the largest series of chemotherapy and
monoclonal antibodies desensitizations, providing safety data for 413 cases. Drugs
included carboplatin, cisplatin oxaliplatin, paclitaxel, liposomal doxorubicin, and ritux-
imab. Of the subjects in the study, 94% presented mild or no reactions and only 6%

Table 11
Desensitization protocol for rituximab IV (851 mg): solution preparation

Total Amount of Drug in

Volume (mL) Concentration (mg/mL) Each Solution (mg)
Solution 1 250 0.034 8.510
Solution 2 250 0.340 85.100
Solution 3 250 3.377 844.303

Amount of drug prepared exceeds dose of drug delivered during desensitization because solutions
1 and 2 are not completely infused. A full dose is 851 mg of rituximab.
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Table 12
Desensitization protocol for rituximab IV (851 mg): protocol for administration

Volume
Step Solution Rate Time Infused Per Administered Cumulative
no. no. (mL/h) (min) Step (mL) Dose (mg) Dose (mg)
1 1 2.0 15 0.50 0.0170 0.0170
2 1 5.0 15 1.25 0.0426 0.0596
3 1 10.0 15 2.50 0.0851 0.1447
4 1 20.0 15 5.00 0.1702 0.3149
5 2 5.0 15 1.25 0.4255 0.7404
6 2 10.0 15 2.50 0.8510 1.5914
7 2 20.0 15 5.00 1.7020 3.2934
8 2 40.0 15 10.00 3.4040 6.6974
9 3 10.0 15 2.50 8.4430 15.1404
10 3 20.0 15 5.00 16.8861 32.0264
11 3 40.0 15 10.00 33.7721 65.7986
12 3 75.0 186 232.50 785.2014 851.0000

Total time = 351 minutes (5.85 hours).

presented reactions that required antihistamines or steroids. No epinephrine was used
in any case and no deaths occurred. All patients received their treatment courses after
the initial desensitization. The majority of the reactions occurred during step 12, when
patients were receiving the drug at the maximal rate and full concentration. When
desensitizations were repeated, the side effects were less frequent and less severe,
because of additional steps added before the step at which the patient reacted or
was given additional antihistamines. The addition of antileukotriene therapy and pros-
taglandin blockade with aspirin seems to improve the side effects over the use of
steroids.®”

Whether chemotherapy desensitizations are effective at tumor killing or control
needs to be defined. In a small population of 26 patients receiving carboplatin desen-
sitization for recurrent cancer, 10 (38.5%) had a radiographic response (partial or
complete response) or a greater than 50% drop of initial CA125 value, 11 (42.3%)
had stable disease radiographically or CA125 response (<50% drop), and 5 (19.2%)
had progressive disease after 1 to 2 cycles of carboplatin. Of the three patients
receiving paclitaxel desensitization for recurrent cancer, one had clinical response
to therapy, one had stable disease, and one had progressive disease. Of 16 patients
receiving paclitaxel desensitization for newly diagnosed cancer, 16 patients (100%)
achieved clinical remission. Those are the expected rates for cancer patient popula-
tions not receiving chemotherapy desensitizations.

SUMMARY

Rapid desensitization protocols are available to patients who present with IgE and
non-IgE-dependent hypersensitivity to drugs, including anaphylaxis to antibiotics,
chemotherapy, monoclonals, aspirin, and other drugs. Typical hypersensitivity symp-
toms include pruritus, flushing, urticaria, angioedema, respiratory and gastrointestinal
distress, and changes in blood pressure, including hypotension and shock. Associ-
ated musculoskeletal symptoms and back pain can be present in patients reacting
to taxenes and monoclonal antibodies. During rapid desensitization, drug antigens
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are reintroduced in an incremental fashion, allowing for full therapeutic doses to be
delivered with minor or no side effects. Temporary toleration is achieved in hours
and can be maintained if drug antigens are administered at regular intervals, depend-
ing on pharmacokinetic parameters. Desensitization should only be done in settings
with one-on-one nurse-patient care and where resuscitation personnel and resources
are readily available. After a successful desensitization, repeated desensitizations can
be done in outpatient or inpatient settings with similar conditions for patients on
chemotherapy of monoclonal therapies. This provides flexibility and allows patients
to remain in clinical studies. Breakthrough symptoms during desensitization are less
severe than the initial HSR and deaths have not been reported in the last 5 years.
Managing breakthrough symptoms with antihistamines and steroids and decelerating
the dose escalation with intermediate infusion steps successfully improves the toler-
ability of desensitization protocols. Blocking leukotrienes and prostaglandins has
improved side effects. Reactions occurring days to weeks after drug treatment,
such as serum sickness, erythema multiforme, Stevens-Johnson syndrome, and toxic
epidermal necrolysis may not be considered for desensitization protocols.

Education of nurses, pharmacists, and oncology and allergy specialists will lead to
the judicious use of desensitization protocols for patients with hypersensitivity reac-
tions in need of first-line therapy. Basic research is needed to uncover the cellular
and molecular mechanisms underlying the temporary toleration induced by desensi-
tization, so that pharmacologic interventions can improve its safety and efficacy.
From the outcomes and safety data gathered, it appears that a flexible 12-step
protocol could be universally used for all drug desensitizations.

REFERENCES

1. Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse drug reactions in
hospitalized patients. JAMA 1998;259:1200-5.

2. Van Der Klauw MM, Wilson JHP, Stricker B. Drug-assocaited anaphylaxis: 20
years of reporting in The Netherlands (1974-1994) and review of the literature.
1996;26:1355-66.

3. Gruchalla RS. Acute drug desensitization. Clin Exp Allergy 1998;28(Suppl! 4):
63-4.

4. Gruchalla RS. 10. Drug allergy. J Allergy Clin Immunol 2003;111(Suppl 2):
S5548-807.

5. Wong JT, Nagy CS, Krinzman SJ, et al. Rapid oral challenge-desensitization for
patients with aspirin-related urticaria-angioedema. J Allergy Clin Immunol 2000;
105(5):997-1001.

6. Moyes V, Driver R, Croom A, et al. Insulin allergy in a patient with Type 2 diabetes
successfully treated with continuous subcutaneous insulin infusion. Diabet Med
2006;23(2):204-6.

7. Lee CW, Matulonis UA, Castells MC. Rapid inpatient/outpatient desensitization for
chemotherapy hypersensitivity: standard protocol effective in 57 patients for 255
courses. Gynecol Oncol 2005;99(2):393-9.

8. Castells MC, Tennant NM, Sloane DE, et al. Hypersensitivity reactions to chemo-
therapy: outcomes and safety of rapid desensitization in 413 cases. J Allergy Clin
Immunol 2008;122(3):574-80.

9. O’'Donovan WJ, Klorfajn I. Sensitivity to penicillin: anaphylaxis and desensitiza-
tion. Lancet 1946;444-6.

10. Wendel GD, Stark BJ, Jamison RB, et al. Penicillin allergy and desensitization in
serious infections during pregnancy. N Engl J Med 1985;312(19):1229-32.

601



602

Castells

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Borish L, Tamir R, Rosenwasser LJ. Intravenous desensitization to beta-lactam
antibiotics. J Allergy Clin Immunol 1987;80(3 Pt 1):314-9.

Lee CW, Matulonis UA, Castells MC. Carboplatin hypersensitivity: a 6-h 12-step
protocol effective in 35 desensitizations in patients with gynecological malignan-
cies and mast cell/lgE-mediated reactions. Gynecol Oncol 2004;95(2):370-6.
Markman M, Kennedy A, Webster K, et al. Paclitaxel-associated hypersensitivity
reactions: experience of the gynecologic oncology program of the Cleveland
Clinic Cancer Center. J Clin Oncol 2000;18(1):102-5.

Puchner TC, Kugathasan S, Kelly KJ, et al. Successful desensitization and ther-
apeutic use of infliximab in adult and pediatric Crohn’s disease patients with prior
anaphylactic reaction. Inflamm Bowel Dis 2001;7(1):34-7.

Kepley CL. Antigen-induced reduction in mast cell and basophil functional
responses due to reduced Syk protein levels. Int Arch Allergy Immunol 2005;
138(1):29-39.

Morales AR, Shah N, Castells M. Antigen-IgE desensitization in signal transducer
and activator of transcription 6-deficient mast cells by suboptimal doses of
antigen. Ann Allergy Asthma Immunol 2005;94(5):575-80.

Solensky R. Drug hypersensitivity. Med Clin North Am 2006;90(1):233-60.

Zhao 'Y, Qiao H. Detection of specific IgE antibodies to major and minor antigenic
determinants in sera of penicillin allergic patients. Chin Med J (Engl) 2003;
116(12):1904-10.

Meyer L, Zuberbier T, Worm M, et al. Hypersensitivity reactions to oxaliplatin:
cross-reactivity to carboplatin and the introduction of a desensitization schedule.
J Clin Oncol 2002;20(4):1146-7.

Cristaudo A, Sera F, Severino V, et al. Occupational hypersensitivity to metal salts,
including platinum, in the secondary industry. Allergy 2005;60(2):159-64.
Castells M. Update on mast cells and mast cell precursors and hypersensitivity
responses. Allergy Asthma Proc 1997;18(5):287-92.

Simons FE. 9. Anaphylaxis. J Allergy Clin Immunol 2008;121(Suppl 2):
S402-1168.

Schwartz LB, Metcalfe DD, Miller JS, et al. Tryptase levels as an indicator of mast-
cell activation in systemic anaphylaxis and mastocytosis. N Engl J Med 1987;
316(26):1622-6.

Torres MJ, Blanca M, Fernandez J, et al. Selective allergic reaction to oral cloxa-
cillin. Clin Exp Allergy 1996;26(1):108-11.

Pichichero ME, Pichichero DM. Diagnosis of penicillin, amoxicillin, and cephalo-
sporin allergy: reliability of examination assessed by skin testing and oral chal-
lenge. J Pediatr 1998;132(1):137-43.

Findlay SR, Kagey-Sobotka A, Lichtenstein LM. In vitro basophil histamine
release induced by mannitol in a patient with mannitol-induced anaphylactoid
reaction. 1984,73:578-83.

Shepherd GM. Hypersensitivity reactions to chemotherapeutic drugs. Clin Rev
Allergy Immunol 2003;24(3):253-62.

Luskin AT, Luskin SS. Anaphylaxis and anaphylactoid reactions: diagnosis and
management. Am J Ther 1996;3(7):515-20.

Szebeni J, Muggia FM, Alving CR. Complement activation by Cremophor EL as
a possible contributor to hypersensitivity to paclitaxel: an in vitro study. J Natl
Cancer Inst 1998;90(4):300-6.

Ying S, Meng Q, Scadding G, et al. Aspirin-sensitive rhinosinusitis is associated
with reduced E-prostanoid 2 receptor expression on nasal mucosal inflammatory
cells. J Allergy Clin Immunol 2006;117(2):312-8.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Rapid Desensitization

Szczeklik A, Stevenson DD. Aspirin-induced asthma: advances in pathogenesis
and management. J Allergy Clin Immunol 1999;104(1):5-13.

Sanak M, Sampson AP. Biosynthesis of cysteinyl-leucotrienes in aspirin-intolerant
asthma. 1999;29:306-311.

Pruzansky JJ, Patterson R. Desensitization of human basophils with suboptimal
concentrations of agonist. Evidence for reversible and irreversible desensitiza-
tion. Immunology 1988;443-7.

Paolini R, Numerof R, Kinet JP. Phosphorylation/dephosphorylation of high affinity
IgE receptors: a mechanism for coupling/uncoupling a large signaling complex.
1992;89:10733-7.

Pienkowski MM, Kazmier WJ, Adkinson NF Jr. Basophil histamine release
remains unaffected by clinical desensitization to penicillin. J Allergy Clin Immunol
1988;82(2):171-8.

Macglashan D, Miura K. Loss of syk kinase during IgE-mediated stimulation of
human basophils. J Allergy Clin Immunol 2004;114(6):1317-24.

Odom S, Gomez G, Kovarova M, et al. Negative regulation of immunoglobulin
E-dependent allergic responses by Lyn kinase. J Exp Med 2004;199(11):
1491-502.

Malaviya R, Uckun FM. Role of STAT6 in IgE receptor/FcepsilonRI-mediated late
phase allergic responses of mast cells. J Immunol 2002;168(1):421-6.

Kelkar PS, Li JT. Cephalosporin allergy. N Engl J Med 2001;345(11):804-9.
Romano A, Mayorga C, Torres MJ, et al. Immediate allergic reactions to cepha-
losporins: cross-reactivity and selective responses. J Allergy Clin Immunol
2000;106(6):1177-883.

Romano A, Viola M, Gueant-Rodriguez RM, et al. Imipenem in patients with
immediate hypersensitivity to penicillins. N Engl J Med 2006;354(26):
2835-7.

Burrows JA, Toon M, Bell SC. Antibiotic desensitization in adults with cystic
fibrosis. Respirology 2003;8(3):359-64.

Turvey SE, Cronin B, Arnold AD, et al. Antibiotic desensitization for the allergic
patient: 5 years of experience and practice. Ann Allergy Asthma Immunol
2004;92(4):426-32.

Madaan A, Li JT. Cephalosporin allergy. Immunol Allergy Clin North Am 2004;
24(3):463-76, Vii.

Ghosal S, Taylor CJ. Intravenous desensitization to ceftazidime in cystic fibrosis
patients. J Antimicrob Chemother 1997;39(4):556-7.

Papakonstantinou G, Bogner JR, Hofmeister F, et al. Cefotaxime desensitization.
Clin Investig 1993;71(2):165-7.

Poston SA, Jennings HR, Poe KL. Cefazolin tolerance does not predict ceftriax-
one hypersensitivity: unique side chains precipitate anaphylaxis. Pharmaco-
therapy 2004;24(5):668-72.

Gorman SK, Zed PJ, Dhingra VK, et al. Rapid imipenem/cilastatin desensitization
for multidrug-resistant Acinetobacter pneumonia. Ann Pharmacother 2003;37(4):
513-6.

Feldweg AM, Lee CW, Matulonis UA, et al. Rapid desensitization for hypersensi-
tivity reactions to paclitaxel and docetaxel: a new standard protocol used in 77
successful treatments. Gynecol Oncol 2005;96(3):824-9.

Castells M. Desensitization for drug allergy. Curr Opin Allergy Clin Immunol 2006;
6(6):476-81.

Lin RY. Desensitization in the management of vancomycin hypersensitivity. Arch
Intern Med 1990;150(10):2197-8.

603



604

Castells

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Wong JT, Ripple RE, Maclean JA, et al. Vancomycin hypersensitivity: synergism
with narcotics and “desensitization” by a rapid continuous intravenous protocol.
J Allergy Clin Immunol 1994;94(2 Pt 1):189-94.

Gea-Banacloche JC, Metcalfe DD. Ciprofloxacin desensitization. J Allergy Clin
Immunol 1996;97(6):1426-7.

Berges-Gimeno MP, Stevenson DD. Nonsteroidal anti-inflammatory drug-induced
reactions and desensitization. J Asthma 2004;41(4):375-84.

Widal MF, Abrami P, Lermeyez J. Anaphylaxie et idiosyncrasie. Presse Med
1922;189-92 [in French].

Lumry WR, Curd JG, Zeiger RS, et al. Aspirin-sensitive rhinosinusitis: the clinical
syndrome and effects of aspirin administration. J Allergy Clin Immunol 1983;
71(6):580-7.

Berges-Gimeno MP, Simon RA, Stevenson DD. Long-term treatment with aspirin
desensitization in asthmatic patients with aspirin-exacerbated respiratory
disease. J Allergy Clin Immunol 2003;111(1):180-6.

Macy E, Bernstein JA, Castells MC, et al. Aspirin challenge and desensitization
for aspirin-exacerbated respiratory disease: a practice paper. Ann Allergy
Asthma Immunol 2007;98(2):172-4.

Berges-Gimeno MP, Simon RA, Stevenson DD. Early effects of aspirin desensiti-
zation treatment in asthmatic patients with aspirin-exacerbated respiratory
disease. Ann Allergy Asthma Immunol 2003;90(3):338-41.

Patriarca G, Nucera E, Di Rienzo V. Nasal provocation test with lysine acetylsalic-
ylate (LAS) in aspirin sensitive patients. Ann Allergy 1991;67:60-2.
Grzelewska-Rzymowska |, Roznlecki J, Szmidt M. Aspirin desensitization in
patients with aspirin-induced urticaria and angioedema. Allergol Immunopathol
1988;16:305-8.

Silberman S, Neukirch-Stoop C, Steg PG. Rapid desensitization procedure for
patients with aspirin hypersensitivity undergoing coronary stenting. Am J Cardiol
2005;95(4):509-10.

Pfaar O, Klimek L. Aspirin desensitization in aspirin intolerance: update on
current standards and recent improvements. Curr Opin Allergy Clin Immunol
2006;6(3):161-6.

Lee JY, Simon RA. Does it make sense to “desens”? Aspirin desensitization in
the treatment of chronic rhinosinusitis. Curr Allergy Asthma Rep 2006;6(3):
183-4.

White AA, Stevenson DD, Simon RA. The blocking effect of essential controller
medications during aspirin challenges in patients with aspirin-exacerbated respi-
ratory disease. Ann Allergy Asthma Immunol 2005;95(4):330-5.

White A, Ludington E, Mehra P, et al. Effect of leukotriene modifier drugs on the
safety of oral aspirin challenges. Ann Allergy Asthma Immunol 2006;97(5):
688-93.

Alijotas-Reig J, Miguel-Moncin M, Cistero-Bahima A. Aspirin desensitization in the
treatment of antiphospholipid syndrome during pregnancy in ASA-sensitive
patients. Am J Reprod Immunol 2006;55(1):45-50.

Weiss RB, Bruno S. Hypersensitivity reactions to cancer chemotherapeutic
agents. Ann Intern Med 1981;94(1):66-72.

Zweizig S, Roman LD, Muderspach LI. Death from anaphylaxis to cisplatin:
a case report. Gynecol Oncol 1994;53(1):121-2.

Sood AK, Gelder MS, Huang SW, et al. Anaphylaxis to carboplatin following
multiple previous uncomplicated courses. Gynecol Oncol 1995;57(1):
131-2.



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Rapid Desensitization

Markman M, Zanotti K, Peterson G, et al. Expanded experience with an intra-
dermal skin test to predict for the presence or absence of carboplatin hypersen-
sitivity. J Clin Oncol 2003;21(24):4611-4.

Markman M. Toxicities of the platinum antineoplastic agents. Expert Opin Drug
Saf 2003;2(6):597-607.

Morgan M, Bowers DC, Gruchalla RS, et al. Safety and efficacy of repeated
monthly carboplatin desensitization. J Allergy Clin Immunol 2004;114(4):974-5.
Essayan DM, Kagey-Sobotka A, Colarusso PJ, et al. Successful parenteral
desensitization to paclitaxel. J Allergy Clin Immunol 1996;97(1 Pt 1):42-6.

Choi J, Harnett P, Fulcher DA. Carboplatin desensitization. Ann Allergy Asthma
Immunol 2004;93(2):137-41.

Robinson JB, Singh D, Bodurka-Bevers DC, et al. Hypersensitivity reactions and
the utility of oral and intravenous desensitization in patients with gynecologic
malignancies. Gynecol Oncol 2001;82(3):550-8.

Moreno-Ancillo A, Dominguez-Noche C, Gil-Adrados AC, et al. Anaphylactoid
reaction to carboplatin: successful “desensitization”. Allergol Immunopathol
(Madr) 2003;31(6):342-4.

Gammon D, Bhargava P, McCormick MJ. Hypersensitivity reactions to oxaliplatin
and the application of a desensitization protocol. Oncologist 2004;9(5):546-9.
Wrzesinski SH, McGurk ML, Donovan CT, et al. Successful desensitization to
oxaliplatin with incorporation of calcium gluconate and magnesium sulfate.
Anticancer Drugs 2007;18(6):721-4.

Weiss RB, Donehower RC, Wiernik PH, et al. Hypersensitivity reactions from taxol.
J Clin Oncol 1990;8(7):1263-8.

Walker FE. Paclitaxel (TAXOL): side effects and patient education issues. Semin
Oncol Nurs 1993;9(Suppl 2):6-10.

Price KS, Castells MC. Taxol reactions. Allergy Asthma Proc 2002;23(3):205-8.
Markman M, Zanotti K, Kulp B, et al. Relationship between a history of systemic
allergic reactions and risk of subsequent carboplatin hypersensitivity. Gynecol
Oncol 2003;89(3):514-6.

Grosen E, Siitari E, Larrison E, et al. Paclitaxel hypersensitivity reactions related to
bee-sting allergy. Lancet 2000;355(9200):288-9.

Dizon DS, Dupont J, Anderson S, et al. Treatment of recurrent ovarian cancer:
a retrospective analysis of women treated with single-agent carboplatin originally
treated with carboplatin and paclitaxel. The Memorial Sloan-Kettering Cancer
Center experience. Gynecol Oncol 2003;91(3):584-90.

Bookman MA, Greer BE, Ozols RF. Optimal therapy of advanced ovarian cancer:
carboplatin and paclitaxel vs. cisplatin and paclitaxel (GOG 158) and an update
on GOGO 182-ICONSb. Int J Gynecol Cancer 2003;13(6):735-40.

Markman M, Kennedy A, Webster K, et al. Clinical features of hypersensitivity
reactions to carboplatin. J Clin Oncol 1999;17(4):1141.

Kook H, Kim KM, Choi SH, et al. Life-threatening carboplatin hypersensitivity
during conditioning for autologous PBSC transplantation: successful rechallenge
after desensitization. Bone Marrow Transplant 1998;21(7):727-9.

Zanotti KM, Rybicki LA, Kennedy AW, et al. Carboplatin skin testing: a skin-
testing protocol for predicting hypersensitivity to carboplatin chemotherapy.
J Clin Oncol 2001;19(12):3126-9.

Goldberg A, Confino-Cohen R, Fishman A, et al. A modified, prolonged desensi-
tization protocol in carboplatin allergy. J Allergy Clin Immunol 1996;98(4):841-3.
Confino-Cohen R, Fishman A, Altaras M, et al. Successful carboplatin desensiti-
zation in patients with proven carboplatin allergy. Cancer 2005;104(3):640-3.

605



606

Castells

92.

93.

94.

95.

96.

97.

Wolbink GJ, Vis M, Lems W, et al. Development of antiinfliximab antibodies and
relationship to clinical response in patients with rheumatoid arthritis. Arthritis
Rheum 2006;54(3):711-5.

Hellerstedt B, Ahmed A. Delayed-type hypersensitivity reaction or serum sick-
ness after rituximab treatment. Ann Oncol 2003;14(12):1792.

Tada K, Ito Y, Hatake K, et al. Severe infusion reaction induced by trastuzumab:
a case report. Breast Cancer 2003;10(2):167-9.

Nikas SN, Voulgari PV, Drosos AA. Urticaria and angiedema-like skin reactions in
a patient treated with adalimumab. Clin Rheumatol 2006;1-2.

Alexander S, Hopewell S, Hunter S, et al. Rituximab and desensitization for
a patient with severe factor IX deficiency, inhibitors, and history of anaphylaxis.
J Pediatr Hematol Oncol 2008;30(1):93-5.

Breslow RG, Caiado J, Castells MC. Acetylsalicylic acid and montelukast block
mast cell mediator-related symptoms during rapid desensitization. Ann Allergy
Asthma Immunol 2009;102(2):155-60.



	Rapid Desensitization for Hypersensitivity Reactions to Medications
	Principles and cellular and molecular targets of drug desensitization
	Clinical manifestations
	Hypersensitivity Reactions Type I, Mast Cell/IgE Dependent
	Hypersensitibity Reactions-Non-IgE Mediated

	Cellular and molecular targets
	Desensitization to antibiotics
	Penicillin and Cephalosporins
	Rapid Desensitization to beta-Lactam antibiotics Including Penicillin 	and Cephalosporins
	Other Antibiotics

	Desensitization to aspirin and nonsteroidal anti-inflammatory drugs
	Long-term ASA Desensitization

	Desensitization to chemotherapy and monoclonals
	Desensitization to Chemotherapy Drugs Including Taxenes and Platins
	Rapid Desensitization for Hypersentivity Reactions to Taxenes
	Rapid Desensitization for HSRs to Platins
	Rapid Desensitization for Biologic Agents and Monoclonal Antibodies
	Outcomes of Desensitizations and Cancer Progression

	Summary
	References


